three times that of type I bursts. This suggests that the large and in many cases complex structures of type II sources reflect the physical background in which they are generated. Secondly, if the scattering is so severe that even a point source is observed to be ~ 10', the absorption region would have to lie very close to the type II sources. If this were not so, scattering between the type II sources and the absorbing regions would substantially reduce the originally emitted type II brightness, say 7J,'. This would make it increasingly difficult to achieve the already very high brightness temperatures at incidence on the absorbing region in Melrose's criteria;.even the lesser requirement, T b ' > T b J> 10 16 K for second-harmonic absorption, seems prohibitive. To overcome these difficulties we have to look for an alternative mechanism in which transverse waves are absorbed or scattered efficiently and the energy is transferred quickly into a large energy 'reservoir'. Melrose 4 proposes an alternative mechanism in which transverse waves are scattered on ion-sound waves (Part II of reference).
The author would like to thank Dr S. F. Smerd for critical reading of the manuscript, Dr D. B. Melrose for valuable discussions and Mr I. A. Johns for his observation of this unusual event. 1 Wild, J.P., and Smetd, S.F., Ann. Rev. Astr. Astrophys., 10, 159 (1972) .
Introduction
On 1973 March 22 a radio event was observed above the east limb of the Sun with the Culgoora radioheliograph operating at both 80 and 160 MHz.
1 ' 2 The first stage of this event, a type I storm closely associated with a rising prominence, offers a new insight into the nature of this phenomenon. This storm was followed immediately by a moving type IV burst -the first burst of this kind for which twodimensional observations are available at two frequencies. The relation between these two stages may help explain the 'missing hour' in observations of another moving type IV burst known as 'Westward Ho'.
3

Heliograph Observations
The radioheliograph observations are summarized in Figures  1, 2 and 3 . Figure 1 shows the centroid positions of discrete sources observed at both 80 and 160 MHz for successive times starting from 01 h 10 m UT. In this figure the area of each dot is proportional to the total flux density from the source. Successive positions of the same source have been joined. To avoid confusion only one record in every 56 has been included in this figure. Figure 2 consists of contour plots of individual onesecond records, selected to illustrate the sizes of the radio sources and their-relative positions. Figure 3 illustrates the variation with time of a number of observable quantities. The flux density, polarization and position information from the heliograph records were determined and plotted by digital computer. Other height/ time data, described in the next two sections, have also been added.
Optical Observations
No flare which might be relevant was observed. On the Culgoora prominence patrol film, however, a prominence was seen rising above the east limb near the equator from about OO^1 11 UT. Its appearance at 01 h 30 m UT has been sketched on Figure 1 , and the height above the limb of the Each dot represents the position of the centroid of a radio source; the area of the dot is proportional to the flux density. S80 and S160 are the 80 and 160 MHz components of the first, storm part of the event, and M80 and M160 the components of the moving source. The appearance of the ascending prominence at 01"30 m UT has also been shown (labelled P). Some of the almost simultaneous observations at the two frequencies have been joined by broken lines and the times of these observations are indicated. Successive positions at each frequency have been joined by full lines, and the direction of motion indicated by heavy arrows. To avoid confusion only one record in 56 has been used for this figure (i.e. the dots are at intervals of 56 s).
top of the visible structure has been included in the height/ time plot in Figure 3 . By 01 h 41 m UT the prominence was very faint, and could not be detected after that.
Radio-Spectrograph Observations
Since the radiation was moderately intense during the first part of the event it was detectable also on the Culgoora radio spectrograph. 4 This record showed the specrum of a typical type I storm (bursts and continuum). Figure 3 it is clear that at both frequencies the flux density had been rising slowly for about 15 min before these times, which therefore represent the times at which the flux density reached the threshold of detectability by the spectrograph. Nevertheless the starting times at different frequencies, converted to heights by assuming that the emission frequency is close to the local plasma frequency in a Newkirk model corona, 5 have been included in the height/ time plot in Figure 3 , and it will be seen that they coincide remarkably well with the heights of the top of the rising prominence observed optically.
The only way in which this storm differed from a typical type I storm was its short duration: the emission ended rather abruptly at about 02 h 30 m UT, marking the end of the first part of this event.
The second part of the event, the moving type IV, was too faint to be recorded by the spectrograph.
Discussion
From the data presented the two phases of this event are clearly delineated: a type I source which moves around the limb, at different heights at the two frequencies, followed immediately by a source which we must classify as type IV because of its motion radially out from the limb, the two frequencies coming from almost the same height. During the first phase the emission is much more intense, and the source sizes much larger than during the second phase (compare upper and lower parts of Figure 2 ).
(a) The first phase -type I storm
Wild and Zirin 6 have previously associated an example of metre wavelength storm emission, 'undoubtedly of spectral type I', with an ascending prominence. In the present case the association is confirmed by the coincidences in space . j^s^r^ */r s 160 Figure 3 . Radioheliogiaph and other! data presented as a function of time.
For each plot the 80 MHz data is shown by a heavy line, the 160 MHz by a light line. Polarization of the storm source is not shown after 02 h 30 m because it cannot be determined accurately in the presence of the moving source. On the height ploi the position of the top of the rising prominence is shown by dots, and the top of the storm, as deduced from the dynamic spectrum and assuming plasma frequency emission, is shown by crosses. The short gap at ~02 n 30 m was due to a tape change. The source diameters (half-power) have not been corrected for broadening by the beam of the array. and time of the three sets of observations, from the prominence patrol, radioheliograph and radio spectrograph. When examining these coincidences we should bear in mind the uncertainties in all the quantities plotted. The observed radio positions are affected by refraction and scattering in the solar corona, the determination of height from a spectrum relies on an assumed electron density law, and the prominence is probably much bigger than it appears on the prominence patrol photographs. This is certainly so later in the event, when the prominence has faded from view entirely but its radio manifestation still continues. Observations and theory 7 ' 8 place the source of type I emission very close to the plasma level. Combined with the wide overall bandwidth of emission and the relatively small source size at each frequency this implies a columnar source extending out through the corgna and emitting at the local plasma frequency at each level. Besides the observations reported here this model is confirmed by recent published 2 and unpublished observations made with the Culgoora radio heliograph operating simultaneously at 80 and 160 MHz.
From the present observations we are led to the conclusion that the columnar radio source and the filametary ascending prominence are the same thing. The instabilities responsible for the radio emission are likely to occur in the interface between the moving material of the prominence and the stationary gas of the corona, at all heights up to the top of the prominence. This observation is particularly important because it is the first direct evidence, apart from that of Wild and Zirin, 6 as to the physical nature of a type I source.
Although the large movement of the type I source is most unusual, 7 there is no reason to doubt that it is real. The only other explanation available is that the movement was an apparent effect, produced by refraction in a violently perturbed ionosphere, but the almost rectilinear motion shared by the 80 and 160 MHz components of the type IV source during the second phase imples a calm ionosphereso ruling out a 'peturbed ionosphere' explanation of the earlier movement.
The lack of polarization is not uncommon in type I storms observed at the limb, 7 the present observations do not appear to offer any new clues on this point.
(b) The second phase -moving type IV burst
The first phase of the event fades fairly rapidly at about 02 h 30 m UT as the second phase becomes visible. This consists of a much weaker type IV burst. At 80 MHz the transition from one phase to the other appears to take place smoothly. At 160 MHz the two sources co-exist briefly: a new source close to the 80 MHz source and the old type I source closer to the photosphere. This is illustrated by the contours for 02 h 28 m and 02 h 32 m UT in Figure 2 . The coexistence of these two sources makes an interpretation in terms of two different emission mechanisms seem reasonable.
During the second, type IV, phase, the overlapping positions at the two frequencies imply a compact source consistent with synchrotron emission from energetic electrons trapped in a moving plasmoid source. This model at present provides the most likely explanation of many moving type IV bursts and has been the subject of recent studies.
9 ' 10 The contours of Figure 2 and the plots of Figure  3 show that the type IV source is smaller at 160 MHz than at 80 MHz and that both sources decrease in size as they move out. These features appear to be compatible with a recent synchrotron model by Dulk.
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On the other hand, the separation of the centroids at the two frequencies is not consistent with Dulk's model 11 in its present simple form, so we consider whether this separation is perhaps only apparent. One possible explanation is that the separation is due to coronal refraction, but then the higher frequency, being less affected, should appear outside the lower frequency, rather than inside as is observed. This might not hold low in the corona if scattering there is important, but towards the end of the event when the sources are very high in the corona scattering cannot be important. The electron density gradient in the corona is so steep that it is most unlikely that any departure from spherical symmetry could reverse the apparent positions at the two frequencies.
A second possible cause of apparent separation would be ionospheric refraction. The small-scale irregularities in the path of the 80 MHz type IV source (apparent in Figure 1 ) may well be ionospheric in origin; if we use the amplitude of these irregularities to estimate the magnitude of the ionospheric refraction we find that it is much less (~l') than the separation between the two sources (~3'). We are left with the conclusion that this separation is indeed intrinsic to the source.
One other multifrequency observation of the position of a moving type IV source has been reported 12 although in one dimension only. Unlike the present observations this showed coincidence at the three observing frequencies, 169, 408 and 255 MHz.
(c) Magnetic guiding
The motion of the sources of radiation, first around the limb and then radially outward, suggests strongly that the disturbance created by the rising prominence was somehow guided along this path. Presumably the guidance was provided by the coronal magnetic field, initially around the limb to a position from which the type IV burst could escape radially along 'open' field lines. It should be interesting to compare the magnetic structure implied by this interpretation with the coronal magnetic fields determined by the method of Altschuler and Newkirk 13 when the latter information is available for this date. The same type of magnetic guiding has been invoked previously by Smerd 14 for the interpretation of radioheliograph observations of another type IV burst observed on the limb.
Riddle's 3 observations of 'Westward Ho' show a gap of about one hour between the time when an optically observed disturbance rose from the limb and the supposed time of ejection of the radio source determined by backward extrapolation of the observed path. It is interesting to note from the height/time plot in Figure 3 that if the radioheliograph had not been operating until late in the present event (as for Riddle's observations) we would have been puzzled by a similar gap between the times of appearance of the optical and radio disturbances. However, the present observations do provide a simple explanation of this gap in terms of magnetic guiding, along a curved path. This same explanation could well apply to the gap between the observations of 'Westward Ho'.
From the observed heights of the top of the prominence (dots in Figure 3) its speed was about 60 km s" 9 ' 15 The dynamics of the ejection process remain an interesting problem.
Conclusion
The present observations are particularly valuable because they are of an event occuring on the limb, where it is possible to interpret positions directly as heights. They provide two important clues for the interpretation of other solar radio observations: (a) Some type I storms may be due to a slowly (~100 km s" 1 ) rising column of gas interacting with the stationary corona around it.
(b) Magnetic guiding of ejecta along curved paths to regions where the field lines are essentially radial may explain the paths followed in this observation and the missing hour in 'Westward Ho'. Similar guiding has been proposed for another event by Smerd. 14 •! Proc. ASA 2 (4) October 1973 * Melrose, DA., Aust. J. Phys., 26, 229 (1973) . Smerd, S.F., and Dulk, G.A., In 'Solar Magnetic Fields', Proc. IAU Symp. No. 43 (R. Howard ed.), p. 616, Reidel, Dordrecht 1971. ° Schmahl, EJ., Proc. Astr. Soc. Aust., 2, 95 (1972) . " Dulk, G.A. (in preparation) (1973) . Boischot, A., and Oavelier, B.,Ann. Astrophys., 31, 445 (1968) . 3 Altschuler, M.D., and Newkirk, G., Solar Phys., 9,131 (1969) .
Smerd, S.F., Aust. J. Phys., 24, 229 (1971 36 capture/Cl 37 /sec) which is a factor of 6 or so smaller than the theoretically predicted values. Numerous suggestions, often quite bizarre, have been made to account for the low flux, but so far no convincing explanation has been offered -see Fowler.
2 So far no one has questioned the validity of the basic premise of all conventional solar model calculations, namely that the main sequence evolution of the Sun commenced from an initial spatially homogeneous chemical composition. Belief in this premise rests on the assumption that the early Sun passed through the conventional pre-main sequence Hayashi fully convective phase. Recent calculations of Larson 3 and Prentice 4 , s have shown, however, that not only may the central region of the Sun not have ever become convectively unstable, but even if it had it would only be for a very short time (< 10 6 yr) and the rate of mixing actually vanishes at the centre.
In a recent paper (Prentice 6 ) I have proposed that if the there had originally existed small scale spatial inhomogeneities of chemical composition in the interstellar medium, the initial chemical composition of the Sun would be inhomogeneous. For as soon as the young protosun reached quasihydrostatic equilibrium in its gravitational collapse, buoyant differentiation would ensure that the heavy helium-rich clumps of gas would settle towards the centre of the star, where the mixing is small, whilst the light hydrogen-rich clumps would rise to the surface, where mixing would ensure uniformity. The net result is an initial model which is much richer in fractional helium abundance at the very centre than in the rest of the star. Such a model, initially depleted of central hydrogen (X (0) ~ 0.5, say), might develop a small burnt-out core after only 4.5 x 10 9 yr of nuclear burning had elapsed.
I have therefore proposed that the present Sun possesses a small burnt-out core, covering some 2-3 per cent of the solar mass. Using a three-layered polytropic solar model calculation I have shown that such a Sun will have a neutrino flux which is at least 10 times smaller than that of the conventional models, thus resolving the solar neutrino problem.
In this paper I wish to establish, using a simple theoretical argument, why a solar model with a burnt-out core In the present paper we shall not, however, concern ourselves with the intermediate variations of composition and density but merely show from temperature considerations alone how a burnt-out core allows us to reduce the related neutrino flux integral 
and x = r/r n is the radius expressed in Emden units r n . The temperature distribution of a model with a small burnt-out (isothermal) core of fractional mass q < 1 may be written 
The central temperature T (q) of a solar model with a burnt out core of size q thus varies as 
